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ANNOTATION
Ever since the extraordinary observations of Hippocrates gave birth to
medical science nearly 2,400 years ago, fever has been universally regarded
as a cardinal sign of illness. Yet its cause, like that of several other common
signs and symptoms of disease such as malaise, has long remained obscure.
Perhaps the frequent occurrence of vomiting in the various enteric fevers
prevalent in the Mediterranean led Hippocrates to attribute fever to an
excess of bile disturbing the proper balance of the body's four humors upon
which health and temperament were thought to be founded. When medicine
finally outgrew the humoral theories bequeathed it by Hippocrates and
Galen, and the modern science of pathology emerged in the early 19th
century, inflammation became linked with fever clinically and several in-
vestigators sought to produce fever in animals by injecting pus from sup-
purating wounds. This abortive search for pyrogenic factors in tissues was
abandoned for the next 100 years, however, because contaminating sub-
stances of bacterial origin, subsequently called "pyrogens," were discovered
to be responsible for many of the fevers that followed injection of various
biologic materials. The pioneering work of Hort and Penfold in England
50 years ago and later of Seibert and Co Tui in this country firmly
established the role of these pervasive, filtrable agents in producing hitherto
unexplained "injection fevers," and the search for the cause of fever
accordingly shifted from the host's tissues to these bacterial substances
released into the air and water.'
This paper of Bennett and Beeson, published in 1953, has served as a
landmark in reawakening interest in the cells of the host as a possible final
common pathway for fevers-both infectious and noninfectious.
In earlier work, Menkin had suggested that a pyrogenic substance (later
called "pyrexin") could be isolated from the euglobulin fraction of acute
inflammatory exudates. As Bennett and Beeson have clearly shown here,
however, pyrexin shared much, if not most of the biologic actions of the
endotoxins of Gram-negative bacteria and it seems likely that this material,
like substances obtained from exudates by earlier investigators, was con-
taminated with these potent pyrogens of bacterial origin.
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Bennett and Beeson's study, following an earlier brief report by Beeson,
was the first to employ precautions against contaminating pyrogens and to
demonstrate unequivocally that a fever-inducing substance could be ex-
tracted from the granulocytes of normal, uninfected rabbits. Further, the
authors showed in a series of simple but convincing experiments that this
tissue pyrogen differed from endotoxin in its fever-inducing properties,
notably in its failure to induce a pyrogen tolerance when given daily and in
its ability to produce undiminished fevers in rabbits rendered tolerant to
endotoxins by repeated injections. The bioassay techniques introduced in
this study to demonstrate the properties of leucocyte pyrogen have been
successfully employed by many later investigators and have now become
a standard procedure for discriminating between pyrogens of endogenous
and exogenous origin.
With this clear evidence that one tissue cell at least, the polymorpho-
nuclear leucocyte, contained or was capable of producing a rapidly acting
pyrogenic substance, the path was opened for further work to determine
the nature of this pyrogen, the mechanisms involved both in its release
from cells and in its action on thermoregulatory centers and finally, its
possible role in experimentally induced or naturally occurring fevers.
Various experimental models have been employed subsequently to
determine the sequence of events that produce fever. Bacteria, viruses,
fungi, as well as their soluble products, have been injected intravenously
and several immunologic reactions and bacterial infections have been
studied for their effects on body temperature. In all these instances, the
onset and course of fever have been closely correlated with the presence of
a circulating pyrogen that appears to be similar or identical to the pyrogen
derived from granulocytes by Bennett and Beeson. It now appears clear
that most, if not all, these microbial agents, as well as nonbacterial anti-
gens, cause fever indirectly by liberating an intermediate fever-inducing
substance from the tissue cells of the host.2
Wood and his colleagues have recently clarified some of the factors
that stimulate leucocytes to produce pyrogen.' These studies indicate that
blood leucocytes do not normally contain pyrogen but must be "activated"
to produce this substance. Cells derived from exudates, however, are
already activated (by a factor present in the supernatant fluid) and, like
similar cells in Bennett and Beeson's experiments, readily liberate pyrogen
in vitro when suspended in saline. Release of pyrogen is profoundly modified
by certain factors in the extracellular environment, such as K+ and
Ca++, which in physiological concentrations almost completely inhibit
pyrogen production from exudate cells. When incubated in vitro with
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activators like endotoxin or the fluid portion of sterile exudates, however,
both blood and exudate leucocytes release pyrogen even in the presence
of these cations, a finding that would explain how intravenously injected
agents might activate cells in the circulation where K+ and Ca++ are
present. Although many aspects of the process of cell activation are not
yet understood, it seems clear that the production and release of pyrogen
from leucocytes are enzymatically controlled and are related directly or
indirectly to the sodium-potassium transport mechanisms of the cell mem-
brane.
Granulocyte pyrogen has been partially purified and is a basic pro-
tein with a molecular weight of 10,000 to 20,000. It contains 1 per cent
lipid, suggesting that it may be derived from the cell membrane.' Although
this molecule appears to act centrally rather than peripherally in elevating
body temperature, the precise way in which it affects the thermoregulatory
centers of the brain is unknown.
Most experimental studies on the pathogenesis of fever have been carried
out in rabbits, but human blood leucocytes can be similarly activated to
produce pyrogen in vitro by such stimuli as endotoxin or phagocytosis of
heat-killed staphylococci. Since human leucocyte pyrogen produces fever in
rabbits as well as in humans, opportunities for studying clinical fever
should now be greatly facilitated.5 As a possible explanation for the mechan-
ism of a distinctively human disease, etiocholanolone fever, such studies
have already provided evidence that human blood leucocytes are activated
by this steroid in vitro.'
Although in Bennett and Beeson's study the granulocyte was the only
cell that was found to contain a fever-inducing substance, the authors
were careful to point out that there were probably other sources of
pyrogen in the body to account for fevers occurring in agranulocytic animals
and patients. Utilizing somewhat different techniques, recent work suggests
that extracts of other rabbit tissues are pyrogenic when given in sufficient
dosages.7 Similarly, the ability of certain human pathologic fluids to evoke
fever in man when injected intravenously is not correlated with their con-
tent of granulocytes.' Other types of leucocytes, moreover, appear to be
activated in vitro by appropriate stimuli. When tuberculin is added to lung
macrophages from sensitized rabbits or when staphylococci are incubated
with blood of agranulocytic patients, pyrogens are released in vitro that have
properties similar to those of granulocyte pyrogen.*
* Bodel, P. and Atlins, E.: Unpublished observations.
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With the observations that a number of different cells, both animal and
human, may be stimulated to produce pyrogen in vitro, efforts can now be
directed at determining the cause of fever in such diverse illnesses as
cancer, lymphomas, and various metabolic and collagen diseases.
In the 13 years since publication of Bennett and Beeson's paper, evidence
from many laboratories has thus fully confirmed the essential role of
the body's tissues in producing fever. Their paper remains as the first and
as a model experimental confirmation of the age-old clinical belief that
fever and inflammation are intimately associated.
To end on a brief speculative note. A question that remains unanswered,
though often asked by the lay public, and perhaps too little considered by
physicians, is "What is the purpose of fever?" To date, there is little
evidence that increased body temperature by itself normally plays an
important role in combating infection.9 The high fevers associated with
certain infections like malaria do not appear to affect those microorganisms
that produce them. Although physicians have used the fever of malaria to
combat syphilis, the body, on the other hand, usually responds with little
or no fever to infecting microorganisms like the spirochete that are un-
able to survive such elevated body temperatures. Indeed, from a micro-
organism's point of view it would be foolish to provoke a response that
would jeopardize its existence. Unless fever is found to benefit the host in
some more subtle way, such as by increasing the body's resistance to in-
fection, the febrile response may prove to be an embarrassing exception
to Walter Cannon's concept of "purpose" in the evolution of bodily
reactions-a view derived from the homeostatic theories of Claude Bernard
and embodied in Cannon's famous dictum: "Teleology is a mistress that no
biologist can afford to ignore." If fever is indeed of no use to the body and,
therefore, subserves no purpose or "ultimate cause," except to alert the
physician to the condition of his patient, in this instance we may have to
adopt the view propounded by Francis Bacon-a lawyer and philosopher
rather than a physiologist-that, "Final causes are like vestal virgins; they
are barren and devoted to God."
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